Glaucoma drainage devices may be indicated in glaucoma associated to complex congenital anomalies or dysgenesis of the anterior segment, secondary glaucomas such as those developed after congenital cataract surgery, severe primary congenital glaucoma after failed angle surgery and in eyes with severe conjunctival scarring. They can be combined with several other procedures, such as cataract extraction, intraocular lens implantation, keratoplasty or pars plana vitrectomy. This procedure may achieve a sustained and prolonged intraocular pressure reduction in children, with early post-operative success as high as 90 %, although it decreases over time, to 40-60 % survival at 4-6 years using the Kaplan-Meier analysis and most children need to reinitiate glaucoma treatment postoperatively. We must bear in mind that complications may occur, especially tube malposition and exposure, and multiple repeated surgeries may be necessary.
The treatment of glaucoma in childhood is primarily surgical. The goniotomy is considered the procedure of choice in primary congenital glaucoma, 1 but in secondary glaucoma and after failed angle surgery, other procedures should be considered. Among these the glaucoma drainage devices (GDD). The Molteno single-plate was the GDD used in children for the first time in 1973 by Molteno. 2 Since then, numerous papers dealing with the results and complications of this procedure in children have been published, and nowadays, the effectiveness of GDD has been well-established. However, we must bear in mind the extremely long life expectancy of a paediatric patient, which will probably require the care of two or more generations of ophthalmologists throughout his life. For this reason, all the possible surgical options
should be considered and caution should be taken when selecting the most adequate one, which may be a GDD or some other procedure.
Indications
GDD may be indicated in glaucoma associated to complex congenital anomalies or dysgenesis of the anterior segment, such as Peter's syndrome or aniridia and secondary glaucomas such as those developed after congenital cataract surgery or in Sturge-Weber syndrome. 3 Regarding primary congenital glaucoma, although goniotomy and trabeculotomy are undoubtedly the treatments of choice, in severe cases GDD may also be considered, as the prognosis following surgery is closely related to the severity of the glaucoma. Al-Hazmi et al. 28 have shown how severe primary congenital glaucoma had worse results than moderate or mild cases, regardless of the surgical procedure performed, with trabeculotomy achieving a success rate of only 10 % after one year in severe cases, versus 40 and 90 % in moderate and mild cases, respectively.
Severe conjunctival scarring is a clear indication for GDD surgery.
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Device Selection
In the majority of series regarding paediatric glaucoma, the device employed has been the Ahmed glaucoma valve (New World Medical, Inc, Rancho Cucamonga, CA, US 
Surgical Technique
The details of the surgical procedure are basically the same as in adults, but some considerations must be made because of the special anatomical characteristics of the eye in children and to avoid hypotony and the most frequent complications in children.
As In buphthalmic eyes the sclera is very thin, so special care should be taken to avoid scleral perforation. 3 In these cases, it has also been suggested that the sutures of the plate be placed in the muscular tendons, although this may also entail risk of muscle imbalance.
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The sclerostomy for the tube should be performed by means of a tunnel with a 23-gauge needle. In buphthalmic eyes with a very thin sclera, a 25-gauge needle is preferable, since the scleral compliance is highly increased and therefore an excessive outflow of aqueous directly through the tunnel around the tube is more likely. 11 Sudden changes in the trajectory of the needle should also be avoided, so that the tube can be easily inserted without excessive manipulation, which could cause tunnel dilation and allow peritubular flow.
It is convenient to flush the tube with a balanced salt solution through a 30-gauge cannula to ensure its patency before insertion; this manoeuvre is absolutely indispensable when using an Ahmed implant to open the valve.
In pseudophakic eyes, the best position for the tube is in the posterior chamber, or even the vitreous, but in phakic eyes, it must be placed in the anterior chamber. In this case, the tube should be placed as posteriorly as possible to prevent corneal touch.
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The end of the tube has to be trimmed, and we recommend that the bevel be laterally oriented, so the opening of the tube does not face the iris or the cornea (see Figures 1 and 2 ). In this manner, we can try to prevent possible occlusion from the iris and the potential retrograde flow towards the cornea. Furthermore, if a tube placed in the anterior chamber is moved to the posterior chamber, the lateral bevel continues to prevent occlusion from the iris, while when a tube
The Role of Glaucoma Drainage Devices in Paediatric Glaucoma beveled up towards the cornea is moved, the bevel will end up facing towards the iris and it will be more likely to become occluded if the bevel is not modified, unless it is long enough so that the end is within the pupil; 32 to change the bevel, the tube must be trimmed again, and this may lead to excessively reducing the length of the tube.
Positioning the tube in the vitreous implies that an extensive vitrectomy must be done, since any remnants of the vitreous will be attracted to the opening of the tube and may block it.
Once inserted into the globe, the tube should be fastened to the sclera with a nylon 10/0 suture. It is useful to not fully introduce the complete length of the tube, but to leave a part of it outside the globe with a trajectory shaped in italic S and to fix the extra length in this position with nylon sutures. Later on, if the globe enlarges and the tube becomes too short inside the eye, these sutures can be released and the tube extended and pushed further again into the globe. 33 It is highly recommended that the extraocular portion of the tube be covered with a patch, which may be of conserved sclera, cornea, pericardium or fascia lata, as tube exposure is one of the most frequent complications in children and a potentially serious one, leading to endophthalmitis or tube extrusion. However, when inserting the tube through a very long tunnel, as recommend by Albis et al., 11 neither patch grafts nor scleral fixation of the tube may be necessary.
They considered the long tunnel to be preferable, since a normal angle between the conjunctiva and the cornea is maintained, reducing the risk of dellen, pain and foreign body sensation. In addition, it is secure, as no case of tube exposure has occurred in their series.
The conjunctiva can be sutured with re-absorbable sutures, such as polyglactin, which do not need to be removed postoperatively.
Another alternative is to fix the conjunctiva with fibrin glue, which may also be used to secure the tube to the sclera and the patch over it, as has been describe by Freeman et al. 15 They report no cases of conjunctival dehiscence or patch graft migration. The main advantage of this option is that the lack of suture exposure may reduce post-operative irritation and inflammation, an important consideration when treating the paediatric population. Decreased discomfort may help prevent eye-rubbing, with subsequent lower risk of self-inflicted displacement of the tube or implant. Another advantage would be reduced manual manipulation, which may decrease the total operating room time.
The last point to make with regards to surgical technique is the prevention of post-operative hypotony, which is very important in children, as the management of a flat or shallow anterior chamber often requires repeated general anaesthesia. This is one of the reasons the Ahmed glaucoma valve is preferred in children. Indeed, several authors have recommend using restrictive measures such as tube ligature even when inserting an Ahmed valve, with total 6, 14, 16 or partial 17 occlusion of the tube lumen using a re-absorbable ligature, or implanting the device in two phases, inserting the tube into the eye four to six weeks after the plate has been implanted. 5, 6, 18 In this way, aqueous outflow is prevented in the early post-operative period and delayed until an adequate fibrous capsule has formed around the plate. Another useful option is to use a gas bubble, as has been described by Kirwan et al., 19 who advocate injecting an SF6 bubble in the anterior chamber at the end of surgery.
This bubble remains in the eye for 72 hours, giving enough time for aqueous production restoration.
Use of Antimetabolites
Few series have dealt with the use of mitomycin C (MMC) in children undergoing GDD procedures, but, as in adults, 34, 35 aphakic eye is that it reduces the risk of vitreous entering into the tube. 7 Banitt et al. 24 
Complications
The global rate of complications reached as high as 84.6 % in the series by Chen et al. 12 (44/52 eyes) and they do occur with any type of GDD, such as the Ahmed valve, with complications arising in 28.9 % of the cases in the series by Albis et al., 11 and in 17.6 % in the series by Yang et al., 17 or with the Baerveldt implant, with complications in 18.7 % of the cases in the series by Rolim de Moura et al. 6 Besides their frequency, complications in children are even more important because many of them, at this age, must be resolved under general anaesthesia, leading to a high reported rate of additional interventions, 48.1 % in the series by Chen et al. 12 and 30.9 % in that by Overdam et al. 21 Post-operative tube migration (typically anteriorly) is the most common complication in the vast majority of series, with figures as high as 34.8 % in the series by Beck et al. 4 and 26.2 % in the series by Al Mobarak et al. 13 Tube migration can occur more frequently in younger patients and buphthalmic eyes. 3 Anterior displacement of the tube may be related to the higher relative rigidity of the tube compared to the elasticity of the sclera in children, which may result in a tendency of the tube to slowly straighten and rotate anteriorly towards the cornea, particularly if the tube has been forced Glaucoma
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to bend at the limbus. 22 This situation poses a high risk of tube-corneal touch and corneal decompensation. Chen et al. 12 have also suggested that it may be due to the contraction of the perivalvular fibrous tissue, and recommend placing the tube more posteriorly and closer to the iris.
In most series, the incidence of tube-corneal touch ranged from 7 to 18.5 %, 12,14,18,21 but rose to 34.8 % in the series by Beck et al., 4 decreasing to lower than 2 % in the series by Morad et al. 16 and Budenz et al. 5 Another possibility of tube malposition is retraction, which occurred in 3.9 % of the cases in the series by Autratta et al. 8 and 8.3 % in the Rolim de Moura et al. 6 series. It may be caused by an enlargement of the globe increasing the distance between the plate and the limbus, which may be due to the normal development of the child, but can also occur if the IOP is not well-controlled. Another factor is the relative shrinking of the eye once the IOP is reduced. 14 Finally, it may be due to a real retraction of the tube, related to a posterior displacement of a plate that is poorly attached to the sclera.
Conjunctival erosion with tube exposition is a particularly dangerous complication, since it may result in tube extrusion and endophthalmitis.
This has also been frequently reported in the published series, with an incidence of 1.6 to 7 %. 5, 6, 8, 12, 14, 17, 21 Apart from the well-known factors involved in its development in adults, such as poor lubrication of the ocular surface, micro-movements of the tube, rubbing against the tarsal plate and previous use of MMC, in children its occurrence is even more likely to be produced by eye rubbing, which is hardly avoidable (see Figure 3) . Children younger than two at the time of surgery appear to be at higher risk for this complication. 4 As in adults, tube obstruction by blood, fibrin, iris, lens capsule, or vitreous can occur in children, but surgical repair is often required in these patients. This complication ranges from 13.5 % in the series by Chen et al., 12 to less than 4 % in other series. 5, 8, 17 Iris retraction or entrapment in the tube track, leading to dyscoria, is also a tube related complication, very frequent in the series by
Overdam et al., 21 in which it appeared in 21.8 % of the cases, all of them buphthalmic eyes.
Encapsulated bleb is another complication with difficult management in children. Kirwan et al. 19 21 This complication can be secondary to a mass effect from the bleb or the implant itself, or to muscle dysfunction due to direct damage, inclusion in the capsule, posterior fixation (faden effect) due to scarring under the recti, or fat adhesion syndrome. These disorders are more common after placement in the superonasal or inferonasal quadrant. 3 Hypotony, defined as an IOP under 5 mmHg, has been reported as very frequent in the series by Chen et al., 12 with an incidence of 42.3 %, half of them requiring surgical management. In the same series, flat or shallow anterior chamber presented in 17.3 % of the eyes, two thirds of them requiring reformation. In other series its incidence is low, less than 10 % 14,17,21 or even absent. 11, 13 Choroidal effusion, also an hypotony related complication, has been reported in between 2.1 to 4.2 % of the cases. 6, 8 With regard to endophthalmitis, there are isolated cases in many series, 5, 8, 12, 14 and as many as 7.1 % in the series by Al Mobarak et al. 13 In the Ahmed device it has been suggested that the valve mechanism and unidirectional flow may be partially protective against this complications, which has been reported almost exclusively in children, especially in those with tube exposure. 23, 36, 37 Therefore, regular follow-ups specifically assessing the potential exposure are needed, with immediately treatment performed should this occur.
Complications of the posterior segment, such as retinal detachment, have also been described in children, with an incidence of 2.2 % in the series by Autratta et al. 8 All occurred more than six months after the surgery, so the authors consider the relationship unclear. It occurred Isolated cases are reported in other series. 8, 12, 17 Vitreous haemorrhage appeared in 3.9 to 8 % of cases. [5] [6] [7] [8] In the series by Budenz et al., 5 all of them occurred in buphthalmic eyes and none was noticed in the first three months after the surgery, so the authors do not consider them to be directly related with the GDD procedure.
Other complications reported include hyphaema, cataract, inflammation and plate migration.
Results
Direct comparison of surgical outcomes is difficult because of the lack of uniformity in these studies, as they include several types of glaucoma of variable severity and use different devices.
The results of several series is listed in Table 1 . Early post-operative success may be as high as 90 %, 11, 21 but it decreases over time, to 40-60 % survival at 4-6 years using the Kaplan-Meier analysis. 8, 11, 12 In our experience, survival using the Kaplan-Meier analysis has been 76 % at 6 months, 63 % at 1-3 years and 55 % at 4-8 years. 27 Ou et al. 14 have studied the results after an implantation of a second GDD and have found a success rate of 86 % at one and two years decreasing to 69 % afterwards in the Kaplan-Meier survival analysis.
Most children need to reinitiate glaucoma treatment postoperatively.
Previously reported percentages of patients without anti-glaucoma medication at last follow up vary from 17 to 64 %. 3, 21 As risk factors for failure, the type of glaucoma, ethnicity, sex, post-operative complications and previous surgery have been proposed.
The Role of Glaucoma Drainage Devices in Paediatric Glaucoma Hispanic ethnicity and being female were associated with a higher risk of failure in the study by Ou et al. 14 Moreover, Albis et al. 11 showed that any complication increased the likelihood of failure, as did previous glaucoma surgeries. This latter factor was also highlighted by Djodeyre et al. 23 With regard to vision, when it has been possible to determine the visual acuity before and after surgery, it worsened in 32.7 to 18.4 % of the cases. 5, 8, 11, 12 Congenital glaucoma cases presented a tendency towards stabilisation or improvement of vision as compared to secondary or developmental glaucomas in the paper by Albis et al. respectively. However, complications were more frequent in the GDD group and these children also required more additional surgeries.
In contrast, the Armenian Eye Care Project study 10 In conclusion, GDD can effectively control IOP in paediatric patients, but the advantages and complications should be weighed in each individual case. This procedure may achieve a sustained and prolonged IOP reduction in children, but we must bear in mind that complications may occur, especially tube malposition and exposure and multiple repeated surgeries may be necessary. n Glaucoma 
